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INTRODUCTION
We have initiated a study of the Rex Chert, which conformably overlies the Meade Peak Phosphatic Shale Member of the Permian Phosphoria Formation. It comprises part of the overburden that is removed to reach the phosphate ore at mines in SE Idaho and therefore comprises a part of the waste dumps. In addition, the Rex Chert is used to surface roads in the mining district. It has been proposed that the chert be used to cap and isolate waste dumps to prevent the release of selenium (Se) and other potentially toxic elements to the environment. Previous spot analyses indicated that Se might occur in high concentrations in some chert beds, so we sampled several outcrop sections to determine the composition of the Rex Chert. A parallel report has been produced by Herring et al. (2002) on channel samples through the Rex Chert from the active Rasmussen Ridge and Enoch Valley phosphate mines. Those channel samples comprise a continuous composite record of Rex Chert composition through the entire section. In contrast, our outcrop samples provide the compositions of a series of individual beds through each outcrop section, with intervening beds being unsampled. One outcrop section sampled also includes the overlying, informally named, cherty shale member of the Phosphoria Formation and another section includes the upper part of the Meade Peak Phosphatic Shale Member and the transition zone between the Meade Peak and Rex Chert.
Background
U.S. Geological Survey (USGS) geologists have studied the Phosphoria Formation in SE Idaho and the Western U.S. Phosphate Field throughout much of the twentieth century. In response to a request by the U.S. Bureau of Land Management (BLM), a new series of resource and geoenvironmental studies was initiated by the USGS in 1998. Present studies involve many scientific disciplines within the USGS and consist of: (1) integrated, multidisciplinary research directed toward resource and reserve estimations of phosphate in selected 7.5-minute quadrangles; (2) element residences, mineralogical and petrochemical characteristics; (3) mobilization and reaction pathways, transport, and disposition of potentially toxic trace elements associated with the occurrence, development, and use of phosphate rock; (4) geophysical signatures; and (5) improving our understanding of the depositional origin and evolution of the deposit.
To carry out these studies, the USGS formed cooperative research relationships with the BLM and the U.S. Forest Service (USFS), which are responsible for land management and resource conservation on public lands, and with five private companies currently leasing or developing phosphate resources in southeastern Idaho. These companies include Nu-West (Agrium U.S. Inc.) (Rasmussen Ridge mine), Astaris Production LLC (Dry Valley mine), Rhodia Inc. (Wooley Valley mine-inactive), J.R. Simplot Co. (Smoky Canyon mine), and P4 Production LLC (Monsanto and Solutia) (Enoch Valley mine). Because raw data acquired during the project will require time to interpret, data are released in open-file reports for prompt availability to other workers. The open-file reports associated with this series of resource and geoenvironmental studies are submitted to each of the Federal and industry collaborators for technical comment; however, the USGS is solely responsible for the data contained in the reports.
Location and General Geology
Ten sections of Rex Chert located in the vicinity of Dry Valley, northeast of Soda Springs in SE Idaho ( Fig. 1 ; Table 1), were described in the field. Three of those sections (1, 5, 7) were measured and sampled in detail for chemical, mineralogical, and petrographic analyses. This region of SE Idaho has supported extensive phosphate mining over the past several decades and currently has four active mines. Service (1966) evaluated Cressman and Swanson (1964) provided detailed stratigraphy and petrology of these same rock units located in nearby SW Montana. Gulbrandsen and Krier (1980) discussed general aspects of the large and rich phosphate resources of the Phosphoria Formation in the vicinity of Soda Springs. Gulbrandsen (1966 Gulbrandsen ( , 1975 Gulbrandsen ( , 1979 summarized bulk chemical compositions for various rock types of the phosphatic intervals of the Phosphoria Formation.
Lithostratigraphy
Three stratigraphic sections of the Rex Chert Member were measured and those three sections along with seven others were described in the field in SE Idaho (Fig. 1 ). Samples were collected from the three measured sections and their stratigraphic positions are indicated in Fig. 2 .
The Phosphoria Formation in the Soda Springs area of SE Idaho consists of three members, which in ascending order are the Meade Peak Phosphatic Shale Member, the Rex Chert, and the informally named cherty shale (McKelvey and others, 1959; Montgomery and Cheney, 1967; Brittenham, 1976; Oberlindacher, 1990) . The measured sections of this report focus on the Rex Chert in addition to the cherty shale member in one measured section. The Meade Peak unconformably overlies the Grandeur Tongue of the Permian Park City Formation, and the cherty shale member of the Phosphoria is overlain by the Triassic Dinwoody Formation.
The contacts between the Meade Peak and the Rex Chert and between the Rex Chert and the cherty shale member are gradational. The transitional rocks generally contain carbonates or carbonate-rich beds.
Section 1 was measured through a road cut that exposed the transition zone between the upper part of the Meade Peak and the Rex Chert and an adjacent quarry wall that exposed the cherty shale member. Section 5 was measured in a small quarry where the Rex Chert was being mined for surfacing roads. The underlying Meade Peak was not exposed and the overlying cherty shale was not present. Section 7 was measured along the exposed face of the now-abandoned South Maybe Canyon Mine and includes the upper Meade Peak rocks and transition rocks to the Rex Chert. Measurements record true thickness of strata.
In section 1 , the Meade Peak Member is covered and the lowermost beds exposed include limestone alternating with black chert (Fig. 2, unit A) . Most of the lower part of the Rex Chert is thin-bedded black and gray chert, which gives way up section to thickbedded massive gray chert (units B-F). Load casts are seen at the base of the thick chert. The uppermost massive chert beds are composed of composite beds displaying pinch-andswell structures (unit F). Above the uppermost massive thick chert bed are several thin, iron-rich, weathered chert beds (unit G). Sponge spicules are clearly seen in some of the chert beds, but thin sections reveal that most of the Rex Chert in this section is spicularite. The transition to the overlying cherty shale member is covered in the measured section, but in the outcrop on the opposite (south) side of the road, that position may be occupied by a chert-pebble conglomerate that is not seen on the north side of the road. The lower third of the cherty shale member consists of thin-bedded (up to 6 cm) siliceous shale, with some beds displaying load casts (unit H1). Beds generally thicken up section. The middle third of the section consists of thin-bedded (6-15 cm) argillaceous chert with thinner (<1-3 mm) interbedded siliceous shale (unit H2). The upper third of the section is variable and consists of moderately thick-bedded (10-30 cm) argillaceous chert with sheared siliceous shale partings (unit H3). Near the top of the section occurs a body of pale-brown siliceous dolostone that appears to be the hinge of a fold and the remainder of the bed(?) is not exposed laterally from that body. This was probably originally a dolostone bed or laterally extensive lens. A bed (40 cm thick) of laminated and sheared black siliceous shale occurs near the top of the section, which is capped by a nodular siliceous shale bed. The upper part of the section is highly sheared and is likely bounded by a fault. It is likely that the thickness of the Rex Chert and cherty shale members have been altered by folding and faulting. Bedding (S 0 ) in much of the Rex Chert has been obscured by development of generally low-relief stylolites (S 1 ) oriented subparallel to bedding. Locally, bedding has been transposed (S 2 ) so that it parallels axial planes of isoclinal folds that may have formed during compaction, or possibly during emplacement of the Paris thrust plate. S 2 remained an active structural element as shown by quartz veins that formed perpendicular to S 2 and are offset along S 2 .
Section 5 was measured at its NW end in a quarry where the thickness of the Rex Chert is a minimum because the lower part of the section is covered and the upper part has been removed by quarrying. The Rex Chert consists of dark-gray, medium-to thick-bedded chert that is divided into two sections by an intervening friable brown layer of ferruginous chert (unit B) that has an earthy texture. This 30-40 cm-thick brown zone may be alteration along a fault or leaching of a chert bed. The cherts in this section are spicularites, as determined from thin sections. The chert shows bedding-parallel pressure-solution cleavage as indicated by truncated microfossils and accumulations of relatively insoluble components such as sericite and hematite.
In section 7 , the upper part of the Meade Peak Member (units A-D) and the transition to the Rex Chert (units E-F) are well exposed. Alternating beds of black shale, phosphorite, and carbonate characterize the Meade Peak exposure. Carbonates (calcite and dolomite) occur as beds, horizons of disconnected concretions, and as isolated concretions in some shale beds. Generally the carbonates thicken up section from nodules to thin beds to thicker beds, except near the base of the exposed section where a 0.6 m thick carbonate "marker bed" occurs. These marker beds (see below also) crop out over a distance of about 3 miles (4.8 km) in the North, Middle, and South Maybe Canyon mines in the Dry Ridge Mountains. Shale and phosphorite laminae wrap around the carbonate concretions indicating an early diagenetic origin (pre-compaction). The Meade Peak is overlain by a 0.8 m thick marker bed of siliceous siltstone (Fig. 2 , unit E). That bed is overlain by a section that is partly covered, but consists predominantly of thin-bedded siliceous siltstone (unit F). That transition zone of siliceous siltstones is overlain by thin-to medium-bedded (5-30 cm) black chert with brown upper and lower margins on each bed (unit G). Load casts are seen at the base of some beds. A few thin siliceous siltstone beds also occur in unit G. Those cherts are overlain by 1 m of thin-bedded white chert that is overlain by a 1 m thick white chert marker bed (unit H). The white cherts are overlain by 10 m of thin-to medium-bedded (to 30 cm) black and gray chert (unit I) that is very similar to cherts in unit G. The section is capped by a 8 m thick, discontinuous chert megabreccia with a calcitebearing quartz cement. This breccia body may be a slump deposit or fault-zone deposit.
METHODS
Field Sampling
The samples within the measured sections obtained for analyses were collected as individual beds, where possible. In several places, where beds were too thick to collect in their entirety, portions of beds were collected. This approach provides an opportunity to determine the changes in composition of like samples through the history of deposition of stratigraphic sections. The choice of beds sampled is intended to provide uniform representation of each section. In addition, unusual rock types were sampled, for example a large dolomitic body in the cherty shale member. About 0.1-1 kg of rock was collected for each bed.
Rock Sample Preparation
A representative slab was cut through the entire thickness of each chert bed sample and was crushed in a mechanical jaw crusher, and then powdered in a roller mill. An aliquot of the powdered material was analyzed by X-ray diffraction for mineral content and a second aliquot was sent to a contract laboratory for chemical analyses. All splits were obtained with a riffle splitter to ensure similarity with the whole sample. Splits of about 15-50 g were sent to the contract laboratory and the remaining powders for all samples are archived at the USGS. A second slab of each chert bed sample was cut into one or more thin sections for petrographic analysis.
Analyses
Samples were analyzed for 40 major, minor, and trace elements using acid digestion in conjunction with inductively coupled plasma-atomic emission spectrometry (ICP-AES). For the 40-element analysis (referred to as ICP-40), a split was dissolved using a lowtemperature (<150 o C) digestion with concentrated hydrochloric, hydrofluoric, nitric, and perchloric acids (Jackson and others, 1987) . The analytical contractor modified this procedure to shorten the digestion time (P. Lamothe, USGS, oral communication). The acidic sample solutions were taken to dryness and the residue was dissolved with 1 ml of aqua regia and then diluted to 10.0 g with 1% (volume/volume) nitric acid. Strontium and Ba concentrations were determined by both ICP-40 and ICP-16 (see below) techniques and the two data sets are comparable (R 2 = 0.999 for Sr and 0.997 for Ba) and are reported in Table 3 . Manganese concentrations were also provided by both ICP techniques and they have comparable accuracy and precision, however, the ICP-40 data set is the only one reported because it has a much lower detection limit, 4 parts per million (ppm) compared to 100 ppm for ICP-16. The ICP-40 technique measures the following elements above the indicated ppm limits: Au 8 ppm, Bi 50 ppm, Sn 50 ppm, Ta 40 ppm, and U 100 ppm; however, no samples had concentrations above those quantification limits and those elements are not included in Table 3 .
Another split of the each sample was fused with lithium metaborate then analyzed by ICP-AES after acid dissolution of the fusion mixture. This technique, referred to as ICP-16, provides analysis of all major elements, including Si, and a few minor and trace elements. Cherts are very high silica rocks yet the accuracy of Si determinations is quite good, probably about 2-4% based on the total-oxide sums. Si measurement is not possible using the 4-acid digestion ICP-40 technique because it is lost as a volatile fluoride compound during digestion. Analysis of major elements using the fusion technique also provides a compositional check on the concentrations of these same elements as measured by acid digestion. Titanium and Cr were analyzed using both ICP techniques, but only data from the ICP 16 technique are given in Table 3 because the fusion technique more completely digests resistant minerals that might contain those elements.
Selenium concentrations were determined using hydride generation followed by atomic absorption (AA) spectrometry. Selenium is not reported using either of the ICP techniques, as it is generally volatilized during sample preparation. The hydride generation combined with AA technique was also used to determine concentrations of As, Sb, and Tl. The hydride analytical technique is considered to be more sensitive than the acid digestion ICP-AES analytical technique for As and are the data reported here. Mercury was determined by cold vapor atomic absorption spectrometry.
Total S and total C were measured using combustion in oxygen followed by infrared measurement of the evolved gas. For the other forms of carbon, carbonate carbon was measured as evolved CO 2 after acidification of the sample, and organic carbon was calculated as the difference between total and carbonate carbon. The compilations by Arbogast (1996) and Baedecker (1987) include additional discussions about the various types of analytical methodologies used here.
The concentration of each element is reported in the chemistry table as received from the analysts. However, qualified data (detection limit values) were modified for use in statistical analyses. An element was not used in statistical analyses if more than 30% of the data points for that particular element were qualified. If there were fewer than 30% qualified values for an element, then the qualified values were multiplied by 0.5 and data for that element were used in the statistical analyses.
Mineral compositions were determined by X-ray diffraction using a Philips diffractometer with a graphite monochromator and CuKα radiation. Samples were run from 4-70° 2Θ at 40 kV, 45 mA, and 10 counts per second. Semiquantitative mineral contents were determined and are grouped in Table 2 under the classifications of major (>25%), moderate (5-25%), and minor (<5%).
Statistical analyses were performed on 3 data sets including all data (except data for the Meade Peak in section 7 and the two carbonate beds in section 1); data solely for section 1 and data solely for section 7. The usual Pearson product moment correlation coefficient was used to calculate correlation coefficient matrices. A 99% confidence level was used to calculate the zero-point of correlation. For Q-mode factor analysis, each variable percentage was scaled to the percent of the maximum value before the values were rownormalized and cosine theta coefficients calculated. Factors were derived from orthogonal rotations of principal component eigenvectors using the Varimax method (Klovan and Imbrie, 1971) . All communalities are ≥0.90.
RESULTS
Petrography
The dominant characteristic of the chert beds is the presence of sponge spicules, which vary from relatively well preserved to faint ghosts. Most of the chert beds can be classified as spicularites (spongolites). These spicularites are laminated and commonly show a preferred orientation of elongate grains parallel to bedding. One sample (601-28-1H) shows preferred orientation in some laminae but not in others, indicating that the alignment of grains was caused by bottom currents rather than by compaction or tectonics. The sparse to common occurrence of rhombs characterize most spicularite beds. These rhombs are likely quartz-replaced dolomite rhombs. Glauconite, mica, and feldspar are present in some beds. Various combinations of bivalves, fish debris, radiolarians(?), and calcareous algae(?), are seen in some beds. Spicularite beds in section 7 show sedimentary structures that include cross bedding and cut-and-fill scouring.
The upper part of section 7 does not consist of spicularite beds, but rather consist of replaced carbonates. These chert beds are generally white to grayish, centimeters to a meter thick, and in thin section consist of abundant rhombs partly to completely replaced by quartz. Some replaced rhombs show relict carbonate twinning. Laminae are compacted around some large rhombs, which indicates that they formed during early diagenesis prior to compaction. The textures indicate that carbonate and silica fossils were deposited on the seafloor, dolomite rhombs formed in unconsolidated sediment during early diagenesis, compaction took place with increasing burial, and finally carbonate grains were replaced and cement was precipitated during silica diagenesis, thereby producing chert. The cherty shale member from section 1 consists of siliceous siltstone beds and one siliceous dolostone bed. Beds are laminated, contain ghosts of spicules, and some beds contain various combinations of sparse rhombs, bivalves, fish debris, feldspar, fibrous clay minerals, and calcite. Carbonate minerals are more common than they are in the underlying chert. Grains are well sorted. Uncommon sedimentary structures include burrows and reverse grading.
The siliceous siltstone from the Meade Peak-Rex Chert transition zone in section 7 is somewhat different from siliceous siltstone in section 1. The section 7 siltstone is more compacted and shows a preferred fabric created by aggregate extinction of clay minerals, or by parallel orientation of thin wavy iron-rich or organic-matter-rich lenses. Grains are moderately well sorted and range from angular to subrounded, but are predominantly subangular. Similar to section 1, siltstone beds are laminated, contain ghosts of spicules, and some beds contain various combinations of bivalves, fish debris, feldspar, and fibrous clay minerals, as well as mica and chlorite; however no rhombs or calcite were seen.
Mineralogy
The mineral content of the Rex Chert and cherty shale member is dominated by quartz (Table 2 ). Several beds also have major amounts of carbonate minerals: the lowermost bed in section 1 (601-27-1A), which contains major calcite as well as quartz; and a siliceous dolostone (601-27-1L2) in section 1 contains major dolomite as well as quartz. Feldspar (combined K-feldspar and plagioclase), dolomite, and carbonate fluorapatite (CFA) occur in moderate amounts in a few beds (Table 2) . Clay minerals occur in minor amounts. In the upper part of the Meade Peak Member in section 7, calcite and CFA are major phases along with quartz in some samples.
Chemical Composition
The mean concentrations of elements in the Rex Chert and the cherty shale member are overwhelmingly dominated by silica, which averages 94.6% for the three sections studied and ranges from 92.2% for section 1 to 96.9% for section 5 (Table 3 ). The sums of the major oxides are reasonable close to 100%, but are a little high for most of the stratigraphically highest 13 samples from section 7, up to 103% (Table 3) . These high values provide a measure of the analytical accuracy of silica determinations for these very high silica rocks. Samples with low sums of the major oxides results from not including organic carbon and sulfur compounds in those totals, which occur predominantly for the Meade Peak rocks in section 7.
Organic carbon contents are generally very low in the chert, but are up to 1.8% in samples from the cherty shale member in section 1 and up to 3.4% in rocks from the transition between the Meade Peak and Rex Chert in section 7 (Table 3) . Likewise, phosphate (P 2 O 5 ) is generally very low in the chert, but can be high (up to 3.1%) in individual beds; these beds do not consistently occur at any particular stratigraphic level in the sections.
Selenium concentrations for the Rex Chert and cherty shale member vary from the detection limit (<0.2) to 138 ppm, with a mean concentration of 7 ppm (Table 4) , or <1.0 ppm if two outliers are removed. Mean Se concentrations vary from 0.65 ppm in section 5 (Tables 6) to 12 ppm for section 7 (Table 7 ; this does not include values from Meade Peak rocks). The mean Se concentration for section 5 rocks is equivalent to that of mean shale, 0.6 ppm (Krauskopf, 1979) , whereas that of section 1 (Table 5 ) is 2.2 times the concentration in mean shale and section 7 is 20 times the mean shale concentration. The reason for these differences is that section 7 includes the lowermost Rex Chert, which contains rocks of transitional character, and section 1 includes the cherty shale member. All the chert beds in the upper part of the Rex Chert in section 7 have Se concentrations of <0.2 to 0.8 ppm and the mean concentration of 12 ppm is heavily dependent on two sample values of 101 and 138 ppm. Without those two samples, the mean Se concentration in section 7 would be 0.8 ppm Se, close to its crustal mean content (Table 3) . Other elements of environmental interest include As, Cr, V, Zn, Hg, and Cd. Arsenic concentrations vary by a factor of 56, from 0.3 to 16.8 ppm, mean 4.2 ppm, which is slightly less than the concentration in average shale of 6.6 ppm (Govett, 1983) . Chromium concentrations vary by a factor of 220, from 5 to 1100 ppm, with a mean of 143 ppm, which is higher than the 100 ppm concentration in average shale. Vanadium concentrations vary by a factor of 188, from 1 to 188 ppm, mean 30 ppm, which is much lower than the 130 ppm concentration in average shale. Zinc concentrations vary by a factor of 24, from 24 to 569 ppm, mean 110 ppm, which is somewhat greater than the concentration in average shale of 80 ppm. Mercury concentrations vary by a factor of >8, from 0.01 to 0.16 ppm, mean 0.04 ppm, which is an order of magnitude less than the concentration in average shale of 0.4 ppm. Cadmium concentrations are uniformly below the limit of quantification (<2 ppm) except for rocks from the lowermost part of section 7; we are unable to ascertain whether the average may be higher than that of average shale, 0.3 ppm.
Stratigraphic Changes in Chemical Composition
Stratigraphic changes (equivalent to temporal changes in the depositional basin) in chemical composition of rocks are notable either as uniform changes through the sections or as distinct differences in the mean composition of rocks that compose the upper and lower halves of the sections. In this regard, most elements increase up section in section 1, whereas they decrease up section in sections 5 and 7. These increases up section in section 1 still occur for about half of the elements if the cherty shale member is not included in the analysis; the other half of the elements do not vary uniformly up section. Silica has the opposite trend of the other elements. For section 1 (including the cherty shale member), the following elements increase up section: Al, Fe, Ti, K, Na, As, Ba, Ce, Cr, Hg, La, Li, Ni, Sc, Sr, V, and Zr; in contrast, silica decreases up section and Ca, Mg, C, and Mn decrease to near mid-section then increase farther up section. For section 5, the following elements decrease up section: Al, Fe, Ti, K, Na, C, Ce, Ni, Sr, V, Y, and Zn; whereas Si increases up section. For section 7, the following elements decrease up section: Al, Fe, Ti, K, Na, organic C, Ba, Ce, Cr, La, Li, Ni, Se, Sr, Tl, V, Y, Zn, and Zr; whereas Si and Mn increase up section.
Phase Associations of Elements
The phase associations of elements were determined by comparing results from element correlations determined from correlation coefficient matrices (Tables 8-10 ), rotated factor loadings from Q-mode factor analyses (Figures 3-5) , and mineralogy as determined by XRD (Table 2) . Three data sets were analyzed including data from sections 1, 5, and 7 combined, section 1 data, and section 7 data (excluding Meade Peak and Rex Chert carbonate beds).
We consider four to five Q-mode factors that are interpreted to represent the following rock and mineral components: Factor 1, Chert-silica component consisting solely of Si, except for the combined data set where Ba shows a minor but statistically significant factor loading. Factor 2, phosphorite-phosphate component comprised of P, Ca, As, Y, V, Cr, Sr, and La (± Fe, Zn, Cu, Ni, Li, Se, Nd, and Hg depending on the data set). Factor 3, shale component comprised of Al, Na, Zr, K, Ba, Li, and organic C (± Ti, Mg, Se, Ni, Fe, Sr, V, Mn, and Zn depending on the data set). Factor 4, carbonate component (dolomite, calcite, silicified carbonates) comprised of carbonate C, Mg, Ca, and Si (± Mn). Factor 5 we tentatively interpret as representing organic matter (and/or sulfide-sulfate phases) hosted elements comprised of Cu (± organic C, Zn, Mn Si, Ni, Hg, and Li depending on the data set). Copper correlates only with Zn, but Zn also correlates with Ni, As and some elements associated with the shale component. Silica is dominantly in the Table 9 . Correlation coefficient matrix for 14 samples from section 1 listed in chert fraction (factor 1) and does not show up in the aluminosilicate fraction (factor 3 shale fraction) even though it is clearly part of the feldspars and clay minerals that comprise that fraction. Likewise, organic C is dominantly in Factor 3 and does not show up in factor 5 (except for section 1) even though it is likely that the elements in factor 5 are hosted by organic matter. These characteristics are an artifact of analyzing a data set that is overwhelmingly dominated by one variable, silica, and the distribution of some elements in more than one phase. Selenium shows a dominant association with the shale component, but correlations and Q-mode factors also indicate that organic matter (within the shale component) and carbonate fluorapatite may host a portion of the Se. Consideration of larger numbers of factors in Q-mode analysis indicates that native Se (a factor containing Se ± Ba) may also comprise a minor component of the Se compliment.
DISCUSSION AND CONCLUSIONS
The chert beds generally have Se concentrations of <1 ppm. The cherty shale member rocks have a somewhat higher Se contents, mean 1.8 ppm. Siliceous siltstone and argillaceous chert that comprise the zone of transition between the Meade Peak and Rex Chert have Se concentrations up to 138 ppm.
The low Se contents determined for the chert-bed samples here are not characteristic of Se concentrations found for composite channel samples of chert at the Rasmussen Ridge and Enoch Valley Mines (Herring et al., 2002) . Those weighted (for stratigraphic thickness) mean Se concentrations are 63 ppm for the Rasmussen Ridge samples and 18 ppm for the Enoch Valley samples. These differences may result from several factors, such as weathering of the outcrop samples we analyzed and the inclusion of shale and siliceous shale beds that are interbedded with cherts in the composite samples. This latter influence is supported by the lower silica and higher Al 2 O 3 , K 2 O, etc. contents of the composite samples. In the outcrop sections studied here, shale interbedded with the chert consists only of thin partings, except in the cherty shale member, and those partings would Mn not likely contribute significantly to the mean Se concentration for each outcrop section. It is not known why there are more (or thicker) shale interbeds, or more argillaceous cherts in the composite sections than those studied in outcrops. Chert is very resistant to weathering and little Se should be leached by weathering of the outcrops. Other elements of environmental interest include As, Cr, V, Zn, Hg, and Cd. Of these elements, only mean Cr and Zn values are higher than their respective values in average shale, 30% and 27% higher, respectively. Cadmium could not be evaluated because most concentrations are below the limit of quantification of 2 ppm.
